A reduction in the blood pressure decline at night (o10% from daytime systolic blood pressure (SBP)) during 24-h ambulatory blood pressure monitoring (ABPM) ('non-dipping pattern') is associated with cardiovascular morbidity. Our aim was to evaluate whether ABPM characteristics are associated with metabolic abnormalities in subjects without known hypertension or type 2 diabetes mellitus (T2DM). This is a cross-sectional population-based study on middle-aged subjects (n¼462). Two distinct definitions of metabolic syndrome (MetS) were used: National Cholesterol Education Program-Third Adult Treatment Panel (NCEP-ATPIII) and International Diabetes Federation (IDF) criteria. Results suggested that subjects characterized by non-dipping in 24 h ABPM were more obese (P¼0.014). After adjustment for body mass index, age and sex, non-dippers had higher verylow-density lipoprotein (VLDL)-cholesterol (P¼0.003), total (P¼0.029)-and VLDL-triglycerides (P¼0.026) and oral glucose tolerance test 2 h blood glucose (P¼0.027) compared with dippers. Non-dipping status was more common among subjects with MetS (Pp0.01), impaired glucose tolerance (IGT) (Po0.05) and in those with the combination of IGT-T2DM (Pp0.01) than among those without these abnormalities. ABPM non-dipping status was an independent predictor of IGT in multivariate models (Po0.05). With respect to MetS components, high triglycerides (Pp0.005) and low high density lipoprotein-cholesterol (Po0.05) were associated with a non-dipping pattern. The percentage decline in blood pressure from day to night decreased with the number of metabolic abnormalities (P¼0.012). In conclusion, ABPM non-dipping status is an independent predictor of glucose intolerance. It is also associated with several other metabolic abnormalities. Whether non-dipping pattern is causally related to these metabolic aberrations remains to be explored in a future prospective follow-up of this cohort.
INTRODUCTION
Metabolic syndrome (MetS) 1,2 and non-dipping pattern of blood pressure (that is, when nocturnal systolic blood pressure falls by o10% from the daytime systolic blood pressure values) during 24-h ambulatory blood pressure monitoring (ABPM) 3 are two factors which both increase the risk for cardiovascular disease. A non-dipping pattern in ABPM has been reported to be more common in subjects with the MetS in some studies [4] [5] [6] although this relationship has not been detected in others. 7 In addition, an increase in the prevalence of non-dipping has been observed with the increasing number of MetS components. 8 Obesity and nocturnal volume-dependent hypertension have been postulated to be some of 5 the factors involved in the pathophysiology of non-dipping pattern in MetS. Earlier data have also provided evidence that there might be an inter-relationship between MetS, enhanced sodium sensitivity of the blood pressure and non-dipping pattern. 9 Little is known about the relationship between the circadian profile of blood pressure, dipping pattern and insulin, as well as glucose metabolism in subjects without any known metabolic diseases. Therefore, we investigated the possible association between 24-h blood pressure profile and glucose tolerance status, MetS, as well as its components in a large population-based cohort (n¼462) without diagnosed hypertension or diabetes.
METHODS

Study population
This study is part of the OPERA (Oulu Project Elucidating Risk of Atherosclerosis) project, which has been described previously. 10 In this study, we used the control population from OPERA consisting of 462 (236 female and 226 male) subjects. The OPERA study was approved by the Ethical Committee of the Faculty of Medicine, University of Oulu, and was compatible with the Declaration of Helsinki. Informed consent was obtained from each subject.
We used two distinct new definitions of MetS: National Cholesterol Education Program-Third Adult Treatment Panel (NCEP-ATPIII) and International Diabetes Federation (IDF) criteria.
The NCEP-ATPIII (2005) 11 requires the existence of, at least, three of the following risk factors: elevated blood pressure (X130/85 mm Hg or drug treatment), increased fasting blood glucose (X5.6 mmol l À1 , low high-density lipoprotein (HDL)-cholesterol (o1.03 mmol l À1 in men and o1.29 mmol l À1 in women), high triglycerides (X1.7 mmol l À1 ) and abdominal obesity (waist circumference 4102 cm in men and 488 cm in women).
According to the IDF definition, 12 for persons to be defined as having the MetS, they must have: Central obesity (defined as a condition with waist circumference X94 cm for Europid men and X80 cm for Europid women) plus any two of the following four factors: elevated serum triglyceride level (X1.7 mmol l À1 ) reduced serum HDL-cholesterol level (o1.03 mmol l À1 in males and o1.29 mmol l À1 in females) (or specific treatment for these lipid abnormalities) raised blood pressure (systolic blood pressure X130 mm Hg or diastolic blood pressure X85 mm Hg), or treatment of previously diagnosed hypertension, impaired fasting glycemia (fasting plasma glucose X5.6 mmol l À1 ), or previously diagnosed type 2 diabetes mellitus (T2DM).
Blood pressure measurements. The office blood pressure (BP) was measured using an automatic oscillometric recorder (Dinamap model 18465X, Criticon, Ascot, UK) when the subjects were seated for at least 5 min. After that BP was measured three times at 1-min intervals. The mean of the second and third measurements was used for the analysis. 13 The fully automatic SpaceLabs 90207 oscillometric unit (SpaceLabs, Redmond, Washington, USA) was used for recording ABPM. The unit was set to record a measurement every 15 min from 0400 hours till midnight and every 20 min from midnight till 0400 hours. The accuracy and reproducibility of the BP readings obtained using this device have been established previously. 14 The proper positioning of the cuff in each case was ensured by means of the similarity (difference o5 mm Hg) between four SpaceLabs BP measurements and four auscultatory readings using a Y-connector. The subjects were asked to relax their arm during the measurement. Fewer than 3% of the BP readings were rejected as artefacts based on of the criteria described earlier. 15 A reduction in systolic blood pressure from daytime to night-time of less than 10% was considered to represent a non-dipping pattern. In addition to dipping status, we also considered the percentage decline in BP from day to night 7 ((daytimeBP mean-night-time mean)/daytime BP mean)Â100) as a continuous variable.
Laboratory measurements. All the laboratory test samples were obtained after an overnight fast. Plasma was separated from venous blood and stored at 41C. Most of the laboratory analyses were carried out within two days after the blood sampling. Subsequently, plasma was stored at 201C for further analyses. The routine clinical laboratory tests were carried out in the Central Laboratory of Oulu University Hospital, and the lipid and lipoprotein analyses in the Research Laboratory of the Department of Internal Medicine.
After fasting blood had been drawn, the subjects were given a 75-g glucose load, after which blood insulin and glucose levels were determined at 60 and 120 min. The venous blood glucose concentration was determined with the glucose dehydrogenase method and the plasma insulin concentration with the double radioimmunoassay method (AIA-PACK IRI, Tosoh, Tokyo, Japan). Plasma lipids and lipoproteins were analyzed as mentioned previously. 13 T2DM and impaired glucose tolerance (IGT) were determined according to the World Health Organization (WHO) criteria. 16 A person was regarded as diabetic if his/her fasting blood glucose was X6.1 mmol l À1 and/or 2-h glucose level in oral glucose tolerance test (OGTT) was X10.0 mmol l À1 , or if he/she was using diabetes medication (oral or insulin). A subject had IGT if he/she had a fasting blood glucose o6.1 mmol l À1 and his/her 2-h blood glucose in OGTT was X 6.7 mmol l À1 and o10.0 mmol l À1 . Insulin sensitivity was assessed using fasting plasma insulin concentrations and a quantitative insulin sensitivity check index (QUICKI¼1/[log (fasting insulin)+log (fasting glucose)]). 17 
Statistical methods
All statistical tests were made with the SPSS 16 software package (SPSS Inc., Chicago, IL, USA). To normalize the distribution, a logarithm transformation was applied to very low-density lipoprotein (VLDL)-cholesterol, total-and VLDL-triglycerides, fasting and 2-h blood glucose values. The means of continuous variables measured between the categorical variables were compared by the analysis of variance and analysis of covariance with adjustments. The w 2 test was used for evaluating frequencies. P-value o0.05 was considered statistically significant. When we tested the association of dipping status with fasting and 2-h glucose and quick index, subjects with T2DM were excluded. This study cohort included 22 subjects with T2DM.
Logistic regression was used for the prediction of the probability MetS or IGT/T2DM occurrence (grouping variables). The independent discriminatory power of each risk factor was assessed by logistic regression analysis. When MetS was considered, age, sex, smoking habits and dipper status were included in equations. In the case of IGT/T2DM, age, sex, smoking habits, waist, body mass index (BMI) and dipper status were included.
RESULTS
Baseline characteristics of subjects showing a dipping or non-dipping pattern in ambulatory blood pressure monitoring Non-dipper subjects were older, more obese and had higher VLDLcholesterol levels, and lower HDL-cholesterol levels and higher total and VLDL-triglyceride levels compared with dippers (Table 1) . They were more insulin resistant (that is, had a lower Quick Index) and their 2-h glucose value in OGTT was higher than the corresponding values in dippers. Insulin values during OGTT did not differ between non-dippers and dippers (data not shown). However, nondippers had lower daytime but higher night-time blood pressure values. As a high BMI was strongly associated with non-dipping status, we included adjustment for BMI in addition to age and sex. The results of the latter analysis revealed that of the above associations, statistical significance remained intact for VLDL-cholesterol (P¼0.003), total-(P¼0.029) and VLDL-triglycerides (P¼0.026), 2-h blood glucose (P¼0.027) and for the differences in the ABPM parameters.
The prevalences of dippers and non-dippers in subjects with and without MetS or IGT/T2DM
The prevalences of MetS according to IDF and NCEP-ATPIII criteria were 23.3 and 18.1%, respectively. Figure 1 shows the prevalences of subjects with non-dipping and dipping patterns in ABPM monitoring in relation to the independent clinical features of MetS and MetS according to IDF criteria as a cluster. The prevalence of non-dippers was higher than dippers among the subjects with high triglycerides (Pp0.005) and low HDL-cholesterol (Po0.05), and those with MetS as a cluster per se (Pp0.01). Similar associations were observed when MetS was defined using the NCEP-ATPIII criteria (data not shown).
The percentage decline in BP from day to night (((daytime BP meanÀnight-time mean)/daytime BP mean)Â100) was reduced in conjunction with the increase in the number of metabolic abnormalities ((P¼0.012) (Figure 2 ). These trends were seen when the two criteria of MetS were used (NCEP-ATPIII (Figure 2 ) or IDF (data not shown)).
The prevalence of non-dippers was higher than dippers in the subjects with IGT (Po0.05) and those with the combination of IGT/T2DM (Pp0.01) (Figure 3 ).
ABPM characteristics in subjects with and without MetS
After adjustment for confounding factors (age, sex, smoking habits and alcohol consumption) subjects with MetS were found to have higher ABPM day-and night-time systolic and diastolic values ( Table 2 ). ABPM heart rate during both day-and night-time was higher in the subjects with MetS. After further adjustment for BMI, all the statistical significances disappeared (data not shown).
ABPM characteristics in subjects with and without IGT/T2DM After adjustment for confounding factors (age, BMI, sex, smoking and alcohol consumption) subjects with IGT/T2DM showed higher ABPM day-and night-time systolic and night-time diastolic values (Table 3) .
Logistic regression models of the MetS and IGT/T2DM
We investigated contributing factors to MetS (according to the IDF criteria) and IGT/T2DM by logistic regression models. Non-dipping status was significantly associated with MetS (P¼0.011) simultaneously with sex. The results did not change significantly, if the NCEP-ATPIII criteria for defining MetS were used. When the adjustment for BMI was included, non-dipping status was no longer associated with MetS (data not shown).
Furthermore, non-dipping was associated with the presence of IGT/ T2DM (P¼0.036) in addition to age, sex, smoking habits and waist circumference ( Table 4 ). The inclusion of BMI into the model did not change the significant predictive value of non-dipping status for impaired glucose tolerance (Po0.05).
DISCUSSION
This study indicates that a non-dipping pattern of blood pressure is more common among subjects with MetS. The major, new, finding of this study suggest ABPM non-dipping status to be an independent predictor of glucose intolerance. It has been shown previously that the diurnal-nocturnal differences in blood pressure are smaller among T2DM patients than in controls. 18, 19 A reduction in the actions of insulin may be one of the important physiological defects underlying the abnormal circadian rhythm of blood pressure in patients with T2DM and other related diseases. 20 Non-dipper hypertensive patients have been shown to be more insulin resistant and glucose intolerant than dipper hypertensive patients. 21 Interestingly, insulin resistance is associated with abnormal control of blood pressure and sympathetic activation even in the healthy offspring of T2DM patients. 22 Our study cohort included subjects who did not have any previously known abnormality in glucose tolerance but the OGTT revealed that 17% of them showed impaired glucose regulation. Majority of them were in the pre-diabetes state and only a few of them were T2DM patients. In accordance with our results, a recent study, in which insulin sensitivity was not measured, reported that normotensive subjects with impaired glucose tolerance experience more often a non-dipping pattern of blood pressure than those with normal glucose tolerance. 23 Our non-dipper subjects were more insulin resistant but they had also more general adiposity such that the effect of non-dipping status on insulin sensitivity was diluted after adjustment for BMI. Thus, obesity is perhaps the most important factor leading to insulin resistance in the subjects with the nondipping pattern of blood pressure. However, obesity per se does not seem to explain the diurnal-nocturnal differences in blood pressure in subjects with impaired glucose tolerance. Evidence for this proposal is the higher daytime systolic as well as night-time values of both systolic and diastolic blood pressure in those subjects with impaired, in comparison with those with normal glucose, regulation even after adjustment for BMI and other conventional risk factors. In addition, non-dippers had higher 2-h glucose values for OGTT and a higher prevalence of IGT than dippers after adjustment for total adiposity. The role of pancreatic b-cell dysfunction as a link between the nondipping status and glucose intolerance, as proposed in one study, 21 remains undefined in this study.
The heart rate during the whole day was higher in the subjects with MetS, who were also more often non-dippers, supporting the belief that these individuals have elevated sympathetic tone. Stimulation of sympathetic activity has been reported to be able to antagonize Figure 3 The prevalences of subjects with non-dipping and dipping patterns in ABPM monitoring in relation to the glucose tolerance status are shown. Statistical significances defined as in Figure 1 . ABPM, ambulatory blood pressure monitoring. insulin-mediated glucose uptake in skeletal muscle. 24 In non-dippers, the sympathetic tone is believed to be increased at night, suggesting that they have nocturnal autonomic dysfunction. 25 Obese patients have increased prevalence of non-dipping status, 26 and in this study, non-dippers had a higher BMI. Obesity is strongly associated with hyperinsulinemia and it may act in concert with the sympathetic nervous system to elevate blood pressure. 27 After further adjustment for BMI, all the statistical significances of the ABPM parameters in the prediction of MetS disappeared. Therefore, excessive adiposity is undoubtedly one of the crucial factors associated with ABPM abnormalities among subjects with MetS. MetS is associated with an increased risk for developing diabetes. 28 Non-dipping blood pressure has been reported to be more common in subjects with the MetS in some earlier studies, 5, 6, 29 in addition to this study. Adiposity influences all the features of the MetS and the associations of non-dipping status with HDL-cholesterol, as well as with MetS as a cluster observed in our study were dependent on the amount of body fat. However, associations of high VLDL-cholesterol and -triglycerides and total triglycerides with non-dipping status were independent of total adiposity. Hypertriglyceridemia, a high level of VLDL and a low level of HDL cholesterol characterize the type of dyslipidemia associated with IGT, T2DM and MetS. 28 The fundamental defect is believed to be the overproduction of large VLDL particles, which initiates a sequence of lipoprotein changes. 30 The mechanism behind the increase of triglyceride-rich particles among non-dippers remains unclear in our study, as it was not related to the obesity or the associated insulin resistance. It has been shown previously that the levels of plasma free fatty acids correlate with glucose tolerance independently of total adiposity. 31 Therefore, increased blood glucose levels among non-dippers may trigger a reduced catabolism of lipoproteins rich in triglycerides by lipoprotein lipase and an increase in their fasting and postprandial levels.
In conclusion, our findings demonstrate that ABPM non-dipping status is an independent predictor of glucose intolerance. In addition, non-dipping is related to obesity and associated insulin resistance, plasma lipid abnormalities as well as the combined occurrence of metabolic abnormalities. The use of a single 24-h ABPM is the major limitation of this study. Prospective studies are needed to clarify whether a non-dipping pattern is predictive of more severe metabolic abnormalities. 
